Objective To assess whether a raised serum troponin T concentration would be an independent predictor of death in patients with an acute ischaemic stroke. Design Observational study. Setting Auckland Hospital, Auckland, New Zealand. Subjects All 181 patients with an acute ischaemic stroke admitted over nine months in 1997-8, from a total of 8057 patients admitted to the acute medical service. Main outcome measures Blood samples for measuring troponin T concentration were collected 12-72 hours after admission; other variables previously associated with severity of stroke were also recorded and assessed as independent predictors of inpatient mortality. Results Troponin T concentration was raised ( > 0.1 g/l) in 17% (30) of patients admitted with an acute ischaemic stroke. Thirty one patients died in hospital (12/30 (40%) patients with a raised troponin T concentration v 19/151 (13%) patients with a normal concentration (relative risk 3.2 (95% confidence 1.7 to 5.8; P = 0.0025)). Of 17 possible predictors of death, assessed in a multivariate stepwise model, only a raised troponin T concentration (P = 0.0002), age (P = 0.0008), and an altered level of consciousness at presentation (P = 0.0074) independently predicted an adverse outcome. Conclusions Serum troponin T concentration at hospital admission is a powerful predictor of mortality in patients admitted with an acute ischaemic stroke.
Introduction
Stroke is the third commonest cause of death in Western industrialised countries 1 and is a major cause of long term morbidity. 2 The link between heart disease and acute stroke is already established. Cardioembolism accounts for 15-20% of all strokes, 3 and conversely, after a stroke, patients are at increased risk of developing electrocardiographic changes, cardiac arrhythmias, and myocardial cell damage. 4 Creatine kinase concentrations rise in some patients after a stroke, and the myocardial subfraction (creatine kinase MB) is a predictor of early death. 5 Troponin T and I are highly sensitive and specific markers of cardiac damage and are more predictive than creatine kinase of adverse outcomes in patients presenting with unstable angina or myocardial infarction. 6 We hypothesised that a raised serum troponin T concentration would be an independent predictor of early death in patients with an acute ischaemic stroke. From 8 July 1997 to 8 March 1998 , all patients with an acute ischaemic stroke presenting to the acute medical service at Auckland Hospital (n = 181) were identified at the daily general medical "handover" meetings and from the hospital admission database. These patients were followed until hospital discharge. Intracerebral or subarachnoid haemorrhage was ruled out by computed tomography at the time of admission in 172 patients. The other nine patients were included without computed tomography because haemorrhage was thought to be unlikely on clinical grounds. These nine patients came from both groups of subjects (those with and without a raised troponin T concentration), and their inclusion did not alter the outcome of the study.
Subjects and methods
Blood samples were collected 12-72 hours after admission. Information about symptoms of heart disease, cardiac history, and risk factors was collected in all patients. The severity of stroke was measured on admission by assessing (according to the Scandinavian stroke scale 7 ) the level of consciousness; eye movements; strength in the hand, arm, leg, and face; speech, orientation, and gait. Other variables previously associated with stroke severity-serum glucose concentration, temperature, and blood pressure at admissionwere recorded. 8 9 Patient outcomes were recorded as death in hospital, return home, or discharge to a rest home or private hospital (institutional care).
Serum cardiac troponin T concentration was measured using the Elecsys 2010 immunoassay system (Roche-Boehringer, Mannheim). Concentrations over 0.1 g/l were deemed raised. 10 The local ethics committee approved the study.
Analysis
Continuous variables were compared by unpaired t tests, and binomial variables were compared using Fisher's exact test. Actuarial curves were constructed using the Kaplan-Meier method, and comparisons were made by the log rank method. Logistic regression was done using the SAS/STAT package, version 6 (SAS Institute).
Results
Of 8057 patients admitted to the acute medical service at Auckland hospital, 181 patients (mean age 75 years; 89 women) presented with an acute ischaemic stroke; 174 of these cases involving the anterior circulation and seven involving the posterior circulation. Fifty seven patients had a history of ischaemic heart disease, but none was known to have had an acute myocardial infarction or unstable angina in the three weeks before admission.
Thirty (17%) patients had a raised troponin T concentration (3.29 (SD 6.19) g/l). These patients were older than those with a normal troponin concentration (78.9 (8.3) years v 74.1 (10.6) years; P < 0.01), but there were no other differences in baseline characteristics between the two groups. Proportions of patients with a history of ischaemic heart disease were similar in both those with and those without a raised troponin T concentration (10/30 v 47/151 respectively; P = 0.83).
Thirty one patients died in hospital (12/30 (40%) patients with a raised troponin T concentration v 19/151 (13%) with a normal concentration); the relative risk for inpatient mortality in the patients with a raised concentration was 3.2 (95% confidence interval 1.7 to 5.8; P = 0.0025). Overall, 40% of all inpatient deaths were among the 30 patients with a raised troponin T concentration. At 60 days a significant mortality difference between the two groups persisted (figure). If a combined end point of death in hospital and discharge to institutional care was considered, troponin T was still a powerful predictor of outcome (1.9; 1.4 to 2.5 (P = 0.0108)). Renal failure is a recognised cause of raised troponin T concentration, 11 but the results were not altered by exclusion of patients with a serum creatinine concentration > 0.2 mmol/l.
Seventeen factors that may predict death were assessed in a multivariate stepwise model. These factors were history of ischaemic cardiac disease, treatment for hypertension, diabetes mellitus, smoking, atrial fibrillation, impaired renal function, age, all nine clinical indicators used to measure stroke severity, and a positive troponin T result. Only a raised troponin T concentration (P = 0.0002), age (P = 0.0008), and an altered level of consciousness at presentation (P = 0.0074) predicted an adverse outcome.
Three patients with incomplete data on stroke severity were excluded from further analysis. There was a non-significant trend for patients with a raised troponin T concentration to have an abnormality in any one of the nine categories we used to assess stroke severity. Fifty patients had an altered level of consciousness at presentation (11/30 (37%) patients with a raised troponin T concentration v 39/148 (26%) with a normal concentration (P=0.27)). Neither the individual categories nor the combined prognostic score predicted mortality in a multivariate analysis.
Forty one patients had a serum glucose concentration > 8 mmol/l at admission, 9 and this was significantly more common in patients with a raised troponin T concentration than in those with a normal concentration (12/30 v 29/151; P = 0.018). There was no significant difference between the two groups of subjects in terms of mean temperature (36.3°C v 36.6°C; P = 0.40), systolic blood pressure (155 mm Hg v 163 mm Hg; P = 0.22), or diastolic blood pressure (91 mm Hg v 93 mm Hg; P = 0.55) at admission. When serum glucose concentration, temperature, and systolic and diastolic blood pressure at admission were included in the multivariate analysis, none of these factors predicted death or discharge to institutional care.
Discussion
This study has shown that a raised serum concentration of troponin T is a major predictor of death after an acute ischaemic stroke (with a threefold increase in mortality). The use of the more sensitive troponin T assay has shown a greater frequency of myocardial damage and was more predictive of death than studies using creatine kinase or its myocardial subfraction (creatine kinase MB). 5 Previous studies have suggested that cardiac damage after a stroke is neurally mediated through abnormal autonomic discharges. 4 12 Noradrenaline concentrations are raised after a stroke, and higher concentrations have been associated with myocardial changes. 13 Our results are consistent with this mechanism, although there are other possible explanations, including that a prior cardiac event resulted in the subsequent stroke. However, in our cohort, which included 57 patients with known ischaemic heart disease, no previous cardiac events had been identified and hence any myocardial damage was asymptomatic. Further studies are needed to determine if the cause of death differs between patients with raised troponin T concentration and those with a normal concentration.
Myofibrillar degeneration and electrocardiographic abnormalities are more likely in patients with an acute increase in intracranial pressure. Therefore, cardiac complications and a raised troponin T concentration would be expected to be more common in patients with severe ischaemic strokes. In this study there was a non-significant trend for a raised troponin
What is already known on this topic
An acute stroke may be followed by electrocardiographic changes, cardiac arrhythmias, and a rise in creatine kinase concentration Troponin T concentration is a more sensitive and specific marker for cardiac damage than creatine kinase concentration
What this study adds
This study used the troponin T assay to investigate the frequency of unsuspected cardiac damage among patients presenting with an ischaemic stroke It found both a high incidence of cardiac damage (17%) and a strong association with inpatient mortality (a threefold increase in the risk of death) in patients presenting with an ischaemic stroke T concentration to be associated with more severe strokes, as assessed by the Scandinavian stroke scale. However, we could not correlate computed tomography data with clinical outcomes. Computed tomography was usually performed in the first 24 hours to differentiate between ischaemic and haemorrhagic strokes. In the first 48 hours, however, the extent of an acute infarct is often poorly defined on computed tomography. A previous study found that infarct volume measured by computed tomography was poorly correlated with clinical measures of stroke severity and outcome.
14 Troponin T concentration was measured in a single serum sample obtained 12 to 72 hours after admission to hospital. Serial measurement of troponin T concentration and creatine kinase MB over the following few days would be needed to determine the time course of myocardial damage after an ischaemic stroke.
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Introduction
A randomised trial is in progress in the United Kingdom to examine the efficacy of a single flexible sigmoidoscopy screen in the prevention of bowel cancer. 1 At the start of the trial we wished to identify the most acceptable and effective method of bowel preparation, and we considered an enema or an oral laxative. Enemas are the preferred option since they quickly clear the lower bowel and require no dietary restriction, whereas oral preparations require a liquid diet for at least 12 hours before the procedure. 2 In the United Kingdom the enema is generally administered by a nurse in the unit, but the trial did not 
